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ARTICLE WELDED THROUGH SAID ARC WELDING METHOD

(57)  In the arc welding method of the present inven-

tion, at least part of a workpiece made from a plurality of [FIG' 1]
overlapping non-ferrous metal plates is melted and
joined.

The workpiece has a machined hole in a welded Q
portion, the machined hole is a non-through-hole that 1 21
penetrates a non-ferrous metal plate on an arc-radiation \Q
side to reach a non-ferrous metal plate on a side farthest 36
from an arc welder and that is a recess in part of the non-
ferrous metal plate, arc radiation is caused from an open- Jc—fAlnmn N
ing side of the machined hole, and the workpiece is 2 000
melted and welded up to a back surface of the non- 3af\<\/ // k\\"'\// 2
ferrous metal plate on the farthest side without using a 4~ N \‘Q&\ NN s\ NN 22

backing jig on an opposite side of the workpiece. It is
therefore possible to provide an arc welding method with
which it is possible to weld without using a backing tool,
and also to weld even when there is limited space on the
back side of the workpiece.
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Description
Technical Field

[0001] The presentinvention relates to an arc welding
method and a method for inspecting weld strength of a
joint welded using the arc welding method, and more
specifically to an arc welding method for joining non-
ferrous metal plates together and a method for inspecting
weld strength of a joint welded using the arc welding
method.

Background Technology

[0002] There are known arc spot welding methods
used when joining a plurality of plate materials by welding
in which a machined hole is formed in a plate member on
an arc-welder side of a workpiece made from overlapping
plate members, and joining the plate members by wire-
fed arc spot welding.

[0003] Patent Citation 1 indicates that when arc spot
welding is performed by melting an inner wall of a ma-
chined hole formed in the above-mentioned plate mem-
ber, a melt depth in a lower plate member increases and
burn-through occurs, so a backing tool is butted against
the lower plate member.

Prior Art Citations
Patent Citations

[0004] Patent Citation 1: Japanese Laid-open Patent
Application No. 06-039542

Summary of the Invention
Problems to be Solved by the Invention

[0005] However, in actual production sites, there may
be limitations on workpiece shape or on a space on a
back side of the workpiece, and it is often not possible to
use a backing tool.

[0006] The present invention was devised in consid-
eration of such problems associated with the prior art, it
being an object of the invention to provide an arc welding
method that does not require a backing jig and enables
arc spot welding even when there is limited space on the
back side of the workpiece.

Means For Solving the Problems

[0007] As a result of earnest research intended to
achieve the objective described above, the inventors
discovered that the objective described above could be
achieved by forming a machined hole not only in a plate
member on an arc-welder side but also up to a plate
member on a side farthest from the arc welder, thus
perfecting the present invention.
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[0008] Specifically, in the arc welding method of the
present invention, at least part of a workpiece made from
a plurality of overlapping non-ferrous metal plates is
melted and joined. The arc welding method of the present
invention is characterized in that the workpiece has a
machined hole in awelded portion, the machined holeis a
non-through-hole that penetrates a non-ferrous metal
plate on an arc-radiation side to reach a non-ferrous
metal plate on a side farthest from an arc welder and
that is a recess in part of the non-ferrous metal plate, arc
radiation is caused from an opening side of the machined
hole, and the workpiece is melted and welded up to a
back surface of the non-ferrous metal plate on the farth-
est side without using a backing jig on an opposite side of
the workpiece.

[0009] In addition, in a weld strength inspection meth-
od of the present invention, a weld strength of a joint
welded using the arc welding method is inspected.

The weld strength inspection method is characterized in
that the weld strength is estimated from a diameter of a
molten part present on the back surface of the non-
ferrous metal plate on the farthest side.

Effect of the Invention

[0010] Accordingto the presentinvention, a machining
hole is formed not only in a plate member on an arc-
welder side but also up to a plate member on a side
farthest from the arc welder; therefore, an arc welding
method can be provided with which it is possible to weld
without using a backing tool, and also to weld even when
there is limited space on a back side of a workpiece.

Brief Description of the Drawings
[0011]

Fig. 1 is a cross-sectional view of a main portion
illustrating the arc welding method of the present
invention;

Fig. 2 is a cross-sectional view of a main portion of a
joint welded using the arc welding method of the
present invention;

Fig. 3 is a graph of a relationship between plate
thickness at a machined hole formation spot in a
non-ferrous metal plate on a side farthest froman arc
welder and whether or not burn-through occurs in a
welded portion, when the machined hole is 4 mm in
diameter;

Fig. 4 is a graph of the relationship between plate
thickness at the machined hole formation spotin the
non-ferrous metal plate on the side farthest from the
arc welder and whether or not burn-through occursin
the welded portion, when the machined hole is 8 mm
in diameter;

Fig. 5is a graph of a relationship between machined
hole diameter and strength of a molten part formed in
a joint; and
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Fig. 6 is a graph of a relationship between tensile
shear strength of a joint and a diameter of a molten
part present on a back surface of a non-ferrous metal
plate on a side farthest from an arc welder.

Modes for Carrying Out the Invention

[0012] The arcwelding method of the presentinvention
shall be described in detail. The arc welding method of
the present invention is a welding method in which at
least a portion of a workpiece is melted by an arc and a
plurality of overlapping non-ferrous metal plates are
joined together.

[0013] A workpiece 2, which is made from a plurality of
overlapping non-ferrous metal plates, has a machined
hole 21 formed in advance at a welding site. As shown in
Fig. 1, the machined hole is a non-through-hole that
penetrates all of a non-ferrous metal plate 3 (hereinafter
sometimes referred to as the "front plate") that is dis-
posed nearer an arc welder 1 than a non-ferrous metal
plate 4 (hereinafter sometimes referred to as the "back
plate") that is farthest from the welder, the non-through-
hole reaching the back plate 4 and being a recess in part
of the back plate 4.

[0014] A welding torch is rotated to cause arc radiation
from an opening side of the machined hole 21 toward an
inner peripheral surface of the machined hole 21, and the
inner peripheral surface of the machined hole 21 is
melted together with a wire. As a result, a bottom surface
of the machined hole 21 melts, and when the melting
reaches a back surface of the back plate 4, the arc
radiation is stopped to allow solidification, whereby a
plurality of overlapping non-ferrous metal plates are
joined together. The number of front plates 3 is not limited
to one; a plurality of front plates may overlap.

[0015] Inthe arc welding method of the present inven-
tion, a machined hole recessed into part of the back plate
is formed, whereby the inner peripheral side surface of
the machined hole is also formed in the back plate, and
the back plate melts together with the front plate, which is
adjacent in an in-plane direction of a joining interface.
Therefore, the need for a backing tool is eliminated.
[0016] In other words, in cases where a back plate is
simply joined to an adjacent front plate, regardless of
joining strength, the joining interface needs to melt, and if
the back plate is not recessed but flat, the back plate
cannot melt in the direction of the joining interface unless
the bottom of the machined hole melts. Therefore, in
order to join a back plate to an adjacent front plate, the
back plate needs to first melt in a thickness direction
thereof. By contrast, if a portion of the back plate is
recessed, the back plate can be melted immediately in
the direction of the joining interface, and therefore the
back plate can be joined to the adjacent front plate even if
the bottom surface of the back plate does not melt.
[0017] Thus, the arc welding method of the present
invention can be used to melt a workpiece made from
overlapping non-ferrous metal plates in the in-plane di-
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rection of the joining interface without melting the work-
piece in the thickness direction, and the vicinity of the
joining interface can therefore be melted early and the
back plate and the front plate can be joined before the
bottom surface of the machined hole melts through.
[0018] Asthe workpiece is melted in the direction of the
joining interface, the workpiece also melts in the thick-
ness direction of the workpiece. By causing arc radiation
until the back surface of the back plate melts, the molten
portion spreads sufficiently in the in-plane direction of the
joining interface as shown in Fig. 2, the machined hole is
filled by the molten metal from the welding wire, and
joining strength can be ensured by the molten partformed
by these parts solidifying.

[0019] In addition, since the vicinity of the joining inter-
face can be melted early, welding energy delivered to the
workpiece is reduced, and notonly can deformation ofthe
workpiece be minimized, but the amount of fumes and
dust generated can also be minimized.

[0020] Fig. 1 shows an embodimentin which arcradia-
tion is caused from above the machined hole formed in
the workpiece to perform welding, butitis also possible to
rotate the workpiece 90° to cause the opening of the
machined hole to face to the side, and to perform welding
by causing arc radiation from the side.

[0021] The welding energy inputted to the workpiece
depends on a material and thickness of the non-ferrous
metal plates as well as a depth and diameter of the
machined hole, but it is preferable that the current is
50 to 350 A (amperes) and the energization time is 0.5
to 5 seconds.

[0022] If too much welding energy is inputted to the
workpiece, the molten metal will drop and separate from
the joined portion, the molten part where the molten metal
solidifies will decrease in volume, and joining strength will
decrease.

[0023] The recessed portion of the back plate (where
the machined hole is formed) is preferably of a thickness
that is greater than 1/20 of the diameter of the machined
hole.

[0024] Fig. 3 shows a relationship between the thick-
ness of the back plate at the location where the machined
hole is formed and cross tensile strength (CTS) when a 4
mm diameter machined hole is formed in a 5000 series
aluminum alloy plate, and Fig. 4 shows the relationship
between the thickness of the back plate at the location
where the machined hole is formed and cross tensile
strength (CTS) when an 8 mm diameter machined hole is
formed.

[0025] It can be seen from Figs. 3 and 4 that by making
the thickness of the recessed portion of the back plate
greater than 1/20 of the diameter of the machined hole,
burn-through of the molten metal is prevented and the
volume of the molten part is prevented from decreasing.
[0026] Furthermore, if the recess formed in the back
plate is 0.1 mm or more in depth, the back plate at the
joining interface can be melted in the direction of the
joining interface.
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[0027] The above-described machined hole is prefer-
ably cylindrical. Due to the inner peripheral surface of the
machined hole formed in the front plate adjacent to the
back plate being flush with the back plate, the back plate
and the front plate can be melted simultaneously at the
joining interface of the back plate and the front plate, and
the plates therefore melt readily in the direction of the
joining interface.

[0028] The diameter of the above-described machined
hole depends on the required joining strength, but is
preferably greater than three times the thickness of the
thinnest non-ferrous metal plate among the non-ferrous
metal plates constituting the above-described work-
piece. If the diameter of the above-described machined
hole is smaller than three times the thickness of the
thinnest non-ferrous metal plate among the non-ferrous
metal plates constituting the above-described work-
piece, the volume of the machined hole will be small,
so even if the molten metal fills the machined hole, the
amount of heat in the metal will be small. As a result, heat
will be readily dissipated by the surrounding base mate-
rial, the plates will not melt readily in the direction of the
joining interface, and welding defects such as incomplete
welds will occur.

[0029] When a plurality of plates are overlapped and
welded together, the weld strength is determined by the
weld strength of the thinnest plate, and this weld strength
correlates with the diameter of the drilled hole, as shown
in Fig. 5.

[0030] Forexample, when the thickness of the thinnest
plate member is 1 mm, if the required strength of the
product is 2.0 kN, a strength of 2.5 kN or greater can be
guaranteed by making the diameter of the machined hole
4.5 mm or greater.

[0031] The above-described arc welding method can
be applied to the welding of non-ferrous metal plates, and
examples of the metals constituting the non-ferrous me-
tal plates include aluminum, magnesium, titanium, and
alloys containing these metals.

[0032] A method for inspecting the weld strength of a
joint welded using the above-described arc welding
method of the present invention shall now be described.
[0033] Generally, the weld strength of a joint is deter-
mined by a diameter of a joining interface 51 of two plate
members in a molten part 5; therefore, in order to know
the weld strength of the joint, it is necessary to measure
the diameter of the joining interface 51 of the molten part
5. However, it is difficult to measure the diameter of the
joining interface 51 of the molten part 4 from the outside.
[0034] In the arc welding method of the present inven-
tion, as described above, the machined hole 21 passing
through the joining interface 51 is formed in the welded
portion, and an edge of the joining interface 51 is ex-
posed; therefore, the vicinity of the joining interface can
be directly melted through the machined hole 21, and the
vicinity of the joining interface can be melted without
melting the bottom surface of machined hole 21. There-
fore, if the molten part 5 is formed up to a back surface 41
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of the back plate 4, the diameter of the molten part at the
joining interface 51 will be greater than a diameter 52 of
the molten part present on the back surface 41.

[0035] Therefore, the weld strength of a joint welded
using the arc welding method of the presentinvention can
be estimated from the diameter 52 of the molten part
present on the back surface 41 of the back plate 4.
[0036] Fig. 6 shows a relationship between the dia-
meter of the molten part present on the back surface of
the back plate and tensile shear strength in a joint welded
using the arc welding method of the present invention.
[0037] Itcan be seen from Fig. 6 that there is a correla-
tion between the tensile strength of the joint and the
diameter of the molten part present on the back surface
of the back plate, and for a joint welded using the arc
welding method of the present invention, it is possible to
estimate the weld strength of the joint by measuring the
diameter of the molten part present on the back surface of
the back plate.

[0038] Thus, a method forinspecting the weld strength
of the joint requires only measuring the diameter of the
molten part present on the visible back surface of the
back plate, and the weld strength of the joint can be easily
estimated; therefore, it is possible to inspect all joints
rather than merely conducting a sample inspection.

KEY
[0039]

1 Arc welder

2 Workpiece

21 Machined hole

22  Thickness of back plate at machined hole forma-
tion spot

3 Non-ferrous metal plate (front plate) on arc-welder
side

4 Non-ferrous metal plate (back plate) on side farth-
est from arc welder

41  Back surface

5 Molten part

51  Joining interface

52  Diameter of molten part present on back surface

Claims

1. Anarcwelding method for melting and joining atleast
a part of aworkpiece having a plurality of overlapping
non-ferrous metal plates, the arc welding method
comprising:

forming a machined hole in a welded portion of
the workpiece,

wherein the machined hole is a non-through-
hole that penetrates a non-ferrous metal plate
on an arc-radiation side, and reaches a non-
ferrous metal plate on a side farthest from an
arc welder to form a partial recess portion; and
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causing arc radiation from an opening side of the
machined hole to melt and weld a back surface
of the non-ferrous metal plate furthest from the
workpiece without using a backing jig on an
opposite side of the workpiece. 5

The arc welding method according to claim 1, where-
in the machined hole is cylindrical.

The arc welding method according to claim 2, where- 70
inthe recess portion of the non-ferrous metal plate on

the farthest side has a plate thickness greater than
1/20 of a diameter of the machined hole.

The arc welding method according to claim 3, where- 15
in the diameter of the machined hole is greater than
three times a thickness of a thinnest non-ferrous
metal plate among the non-ferrous metal plates
forming the workpiece.

20
A method for inspecting a weld strength of the joint
welded using the arc welding method according to
any one of claims 1 to 4, the weld strength inspection
method comprising estimating the weld strength
from a diameter of a molten part present on a back 25
surface of the non-ferrous metal plate on the farthest
side.
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[FIG. 1]
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[FIG. 3]
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[FIG. 5]
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